I. INTRODUCTION
Introductory laboratory courses represent a unique and important component of the physics curriculum [1] and have been specifically highlighted as critical pieces of the undergraduate curriculum by multiple professional groups [2] [3] [4] . For many students, these courses provide their first exposure to physics as an experimental science. As such, these courses can be gateways in terms of both recruiting and retaining students in the physics major. Moreover, for students who do not continue on to major in physics or another science, introductory laboratory courses often represent one of the only experiences these student will get with the process of scientific experimentation. Gaining a general understanding of the process and nature of scientific experimentation is an important part of creating citizens who are informed consumers of scientific information.
For these reasons, introductory physics lab courses often have explicit and/or implicit goals that go beyond just conveying physics content to developing expert-like epistemologies with respect to the nature of experimental physics [1, 2] . However, the traditional guided lab approaches to instruction commonly used in physics lab courses have been heavily critiqued as being cookbook and inauthentic [5, 6] . Inauthentic lab activities can have the unintended side-effect of encouraging epistemologies and expectations about the nature of experimental physics that are inconsistent with those of experts. Several groups within the PER community have worked to address this issue by designing laboratory learning environments that allow students to engage more authentically in the process of experimental physics. Examples of these environments include the Investigative Science Learning Environment (ISLE) [7] , Modeling Instruction [8] , and integrated lab/lecture environments such as studio physics [9] or SCALE-UP (Student-Centered Activities for Large Enrollment University Physics) [10] . All of these instructional approaches were either designed with improving students epistemologies about the nature of science as an explicit goal [7, 11] , or have documented improved shifts in students epistemologies as measured by the CLASS (Colorado Learning Attutides about Science Survey [12] ) or MPEX (Maryland Physics Expectation Survey [13] ) [14, 15] .
Here, we investigate the potential impact of these transformed approaches to laboratory instruction on students' epistemologies and expectations about the nature of experimental physics. To do this, we use the Colorado Learning Attitudes about Science Survey for Experimental Physics (E-CLASS) [16, 17] . E-CLASS is a 30 item, Likert-style survey in which students are presented with a prompt (e.g., "The primary purpose of doing physics experiments is to confirm previously known results.") and asked to rate their level of agreement both from their personal perspective when doing experiment in class and that of a hypothetical experimental physicist. The E-CLASS was developed in conjunction with laboratory course transformation efforts at the University of Colorado Boulder (CU) [18] . E-CLASS was validated through student interviews and expert review [16] , and was tested for statistical validity and reliability using responses from students at multiple institutions and at multiple course levels [17] . This work is part of ongoing analysis of a growing, national data set of student responses to the E-CLASS.
II. DATA SOURCES & METHODS
Data for this study were pulled from an existing data set of student responses to the E-CLASS collected using the E-CLASS online administration system [19] between 2013 and 2016. In order to use this system, instructors completed a Course Information Survey (CIS) at the beginning of the course. The CIS asked instructors to report logistical and demographic information about the course including instructional approaches used and course level (i.e., first year or beyond first year). To explore how students' E-CLASS responses might vary across demographic lines, the system also asked students to provide demographic information about themselves including their major and gender. While students were offered 15 distinct major options, we focus here on students' major as simply 'physics' or 'non-physics,' where physics includes both engineering physics and physics majors. The primary motivation for this collapsing student majors into these binary categories was to preserve statistical power. To account for the complex and non-binary nature of gender [20] , students were provided three response options when reporting their gender: woman, man, and other. Roughly 2% (N = 87) of the students selected the 'other' option or left the question blank; thus, to preserve statistical power, the analysis with respect to gender will include only those students who selected 'man' or 'woman' when reporting their gender.
As the transformed instructional approaches described above have been designed primarily for introductory courses, we limited our analysis to the subset of E-CLASS data drawn from first-year labs covering introductory physics content. Only students with matched pre-and post-instruction responses were included in the analysis. The final, matched data set included N = 3601 student responses from 60 separate instances of 44 distinct algebra-or calculus-based first-year courses spanning 29 institutions. Based on the instructors' responses on the CIS, each of these courses was classified as either Transformed or Traditional. Courses in the Transformed category were those whose instructors reported using one or more of the transformed instructional approaches described above -ISLE, Modeling, Studio Physics, or SCALE-UP. Traditional courses were those whose instructors reported using only a traditional guided lab approach to instruction. There were 20 Transformed and 40 Traditional courses in the data set; Table I shows the TABLE I. Breakdown of students by major and gender in the matched first-year data set. 'Physics' includes both physics and engineering physics majors, and Non-physics includes other engineering, science, math, non-science, and undeclared. A small number of students did not provide their major or gender; thus, the percentages will not sum to 100%. breakdown of students by major and gender across these courses. For scoring purposes, students' responses to each 5-point Likert item were condensed into a standardized, 3-point scale in which the responses '(dis)agree' and 'strongly (dis)agree' were collapsed into a single category [12] . Students' responses to individual items were given a numerical score based on consistency with the accepted, expert response: favorable (+1), neutral (+0), or unfavorable (−1). A student's overall score on the assessment is given by the sum of their scores on each of the 30 E-CLASS items resulting in a possible range of scores of [−30, 30] . For more information on the scoring of the E-CLASS see Ref. [17] . Because the distribution of scores on the E-CLASS is typically skewed towards positive scores, the following sections report statistical significance based on the non-parametric Mann-Whitney U test [21] unless otherwise stated. Where differences between means are statistically significant, we also report Cohen's d [22] as a measure of effect size.
III. RESULTS
The average overall pre-and post-instruction E-CLASS scores for Transformed and Traditional courses are given in Table II . Students in Traditional courses had a statistically significant (p ≪ 0.01, d = −0.3), negative shift from pre-to post-instruction. This negative shift over the course of one semester or quarter is consistent with historical trends for the E-CLASS [17] . Alternatively, students in Transformed courses did not shift significantly from pre-to post-instruction (p = 0.2). As shown in Table II , the difference between the preinstruction scores for Traditional and Transformed was not statistically significant; however, the difference in post-instruction scores was significant with a moderate effect size.
We can also examine the difference between Transformed and Traditional courses on an item-by-item scale. Fig. 1 shows the difference between the average scores of students in Transformed and Traditional course for each of the 30 items on the pre-and post-instruction E-CLASS. Consistent with the results from the overall score, Fig. 1 shows that only two items show a statistically significant difference between the pre-instruction While comparison of the E-CLASS scores between Traditional and Transformed courses preliminarily indicates that Transformed courses achieved better gains overall and on the majority of items, previous work has shown that other factors, such as student major and gender, can also impact the comparison of overall E-CLASS means for certain subpopulations [25] . To more clearly disentangle the relationship between instructional approach and post-instruction E-CLASS scores from that of other factors (e.g., pre-score, major), we used an analysis of covariance (ANCOVA) [26] . ANCOVA is a statistical method for comparing the difference between population means while accounting for the variance associated with other variables. Only students for whom we have matched E-CLASS scores along with both major and gender data were included in the ANCOVA (N = 3481).
We first ran a 4-way ANCOVA to compare postinstruction E-CLASS means for Traditional and Transformed courses while controlling for student major and gender, as well as pre-instruction score as a covariate. To determine how these variables might also be related to one another, we included in the ANCOVA all possible interaction terms. The 4-way ANCOVA revealed a statistically significant interaction between gender and instructional approach (F-test, p = 0.03). The presence of this interaction suggests that the relationship between instructional approach and post-instruction mean is different for men and women.
To account for this interaction term, we split the data by gender and ran 3-way ANCOVAs for men and women separately. Student major was a significant predictor of post-instruction scores for both men and women (F-test, p = 0.01). Instructional approach was also a significant predictor for both men and women (F-test, p ≪ 0.01), with a higher mean for students in Transformed courses in both cases. However, the increase in post-instruction mean in Transformed courses was higher for women (see Table III ) and the difference was significant (as indicated by the statistical significance of the interaction between gender and instructional approach). This finding supports the idea that both men and women benefited from Transformed instructional approaches, and this benefit was larger for women than men.
Similarly, to determine the significance of gender as a predictor of post-instruction E-CLASS scores, we split the data by instructional approach and ran separate 3-way ANCOVAs for Transformed and Traditional courses separately. For students in Traditional courses, adjusted post-instruction means for men were significantly higher than the adjusted means for women (F-test, p < 0.01); however, for students in Transformed courses, postinstruction means for men and women were the same (F-test, p = 0.4). Thus, gender was a significant predictor of post-instruction E-CLASS means in Traditional courses only.
TABLE III. Adjusted post-instruction E-CLASS means (points) from the 3-way ANCOVAs run on data from men and women separately. Adjusted means were calculated while controlling for the variance associated with pre-instruction score and student major. 'Difference' represents the mean for students in Transformed courses minus the mean for students in Traditional courses. 
IV. CONCLUSIONS & LIMITATION
We analyzed student responses to a laboratory focused epistemologies assessment -the E-CLASS -to examine the relationship between the use of transformed instructional approaches and students' performance. Data were drawn from a large-scale, national data set of students taking a first-year physics laboratory course. We found that students in courses taught using transformed pedagogy had better post-instruction E-CLASS scores than students in courses taught using only traditional guide lab approaches to instruction. This result was supported by the results of an ANCOVA, which examined the difference between post-instruction means while adjusting for the variance associated with pre-instruction scores, student major, and student gender. The ANCOVA analysis showed that, when accounting for the variance associated with pre-instruction score and major, students in courses using transformed approaches to instruction had higher post-instruction means than those in courses using traditional approaches. Moreover, the ANCOVA showed that this effect was larger for women than men suggesting that transformed pedagogies may have had a differentially positive effect on women. Additionally, while gender was a significant predictor for Transformed courses, the differentially positive impact for women in Transformed courses made it so that gender was not a significant predictor for students in these courses.
There are several limitations to the results reported here. This study was limited to first-year (introductory) laboratory courses; additional data collection and analysis would be necessary to determine if these results hold in beyond-first-year courses. Additionally, in order to preserve statistical power, all transformed pedagogies considered here (ISLE, Modeling Instruction, studio physics, and SCALE-UP) were aggregated together as a single group. Thus, while it may be that one approach is more or less effective at promoting expert-like epistemologies and expectations, the current analysis cannot address this dynamic. As data collection with the E-CLASS centralized administration system continues, comparisons between different transformed pedagogies may become possible. Finally, the purely quantitative analysis reported here cannot speak to how these transformed instructional approaches may have improved students' epistemologies relative to traditional approaches, nor can it determine why they differentially benefited women. Determining the mechanism underlying the findings reported here will likely require additional research with a significant qualitative component.
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